Eltrombopag is a thrombopoietin receptor agonist with excellent treatment outcomes in immune thrombocytopenia (ITP). Here, we analyzed the dose of eltrombopag required to achieve and maintain safe platelet counts in Korean ITP patients.
INTRODUCTION
Eltrombopag is a non-peptide thrombopoietin (TPO) receptor agonist that has been approved for second-line treatment of immune thrombocytopenia (ITP). It has excellent oral bioavailability, reaching a peak concentration 2-6 hours after oral administration, and a half-life of 21-32 hour [1] . Eltrombopag selectively binds to the transmembrane domain of the TPO receptor and stimulates megakaryocytopoiesis through the Janus kinase/signal transducer and activator of transcription (JAK/STAT) signaling pathway [1] . In a phase 3, double-blind, placebo-controlled study of previously treated ITP patients (RAISE) [2] , 79% of patients showed an optimal response to eltrombopag treatment compared with placebo treatment. A recently published long-term study of eltrombopag revealed sustained long-term efficacy and safety after 3 years of treatment [3] .
For non-East Asian ITP patients, the standard starting and maximal doses of eltrombopag are 25 and 75 mg/d, respectively. However, the area under the curve after exposure to eltrombopag was 2-fold greater in healthy Japanese volunteers than in Caucasians [4] , and 87% greater in ITP patients of East Asian descent than in those not of East Asian descent [5] . Thus, the recommended starting dose is 25 mg once daily, and the maximal dose is restricted to 50 mg/d for East Asian patients. A recent Japanese trial evaluated the efficacy and safety of eltrombopag with a lower starting dose (12.5 mg daily) and a maximum dose of 50 mg daily for Japanese ITP patients [6] . In that study, 22% (5/23) of patients responded to 12.5 mg of eltrombopag during the first 3 weeks of treatment, indicating the lower starting dose of eltrombopag may be effective in Japanese ITP patients.
Generally, to avoid an excessive increase in platelet counts, eltrombopag doses are carefully adjusted to maintain safe platelet counts. TPO receptor agonists, including eltrombopag, require continuous treatment to maintain the response. Notably, when TPO receptor agonists are abruptly discontinued, ITP recurs or is transiently worsened [7, 8] . In addition, adult ITP is usually a chronic disease, and the sensitivity to TPO receptor agonists may increase or decrease over time. Therefore, it is necessary to find an effective eltrombopag maintenance dose in every ITP patient.
Recent evidence suggests the absence of cross-resistance between 2 available TPO receptor agonists, eltrombopag and romiplostim [9] [10] [11] . However, the majority of clinical evidence is from case reports with limited sample sizes. The reasons for this phenomenon are currently unknown; however, one study suggested that the absence of cross-resistance between the 2 drugs is likely due to their different mechanisms of action [12] .
In this study, we attempted to determine an effective dose of eltrombopag to achieve and maintain safe platelet counts and to evaluate the safety of eltrombopag in Korean adult ITP patients. Furthermore, we also evaluated the possibility of sequential treatment with romiplostim in patients who experienced relapse or were resistant to eltrombopag treatment.
MATERIALS AND METHODS

Patients and treatment protocol
Eighteen adult chronic ITP patients who were refractory to previous ITP treatments (platelet count ＜30,000 cells/L) were enrolled in the study. Eligible patients were 18 years or older and had ITP for more than 3 months (persistent or chronic phases according to the new definitions of ITP [13, 14] ). All patients were diagnosed with primary ITP according to the current definitions [14, 15] . Bone marrow (BM) examinations, including reticulin, Masson-trichrome, and collagen staining, were performed, and it was confirmed that none of the patients had BM fibrosis before eltrombopag treatment. Follow-up BM examinations were performed after 1 year of eltrombopag treatment or at the time of eltrombopag discontinuation. BM fibrosis grading was determined by current guidelines [16] . Approval was obtained from the institutional review boards for this study. All patients gave informed consent for the treatment and data analysis.
Treatment was started in all patients with 25 mg/d oral eltrombopag, except patients with a history of hepatobiliary laboratory abnormality (HBLA) occurring after administration of ITP medication in whom treatment was started with 12.5 mg/d oral eltrombopag. The dose was then adjusted every 1 or 2 weeks, based on the platelet counts, to maintain the target platelet count (≥ 50,000 cells/L). When patients achieved the target platelet count, we first reduced the dose of ITP medicines being administered concomitantly with eltrombopag. We then reduced the eltrombopag dose to identify the lowest effective dose required to maintain platelet ≥ 50,000 cells/L (maintenance dose). If the platelet count exceeded 2,500,000 cells/L, eltrombopag administration was stopped. All patients were allowed to continue concomitant low-dose ITP medications at a stable dose, including rescue interventions.
In patients who experienced relapse or were refractory to eltrombopag, romiplostim was started at 1 g/kg/wk, and the dose was then adjusted to achieve the target platelet count, increasing up to 10 g/kg/wk based on the patient's platelet count.
Outcome measures and statistical analysis
The response to initial therapy was evaluated after induction or salvage chemotherapy. A complete response (CR) was defined as a platelet count of 100,000 cells/L, following the recommended criteria [14] . Conversely, a target platelet response was defined as an increase in the platelet count ≥50,000 cells/L, which was previously used in another large study of eltrombopag [2, 3, 17] and romiplostim [18, 19] to reduce the risk of bleeding.
For between-group comparisons, Fisher exact test (categorical data) and the Mann-Whitney U test (continuous data) were used. Relapse-free survival (RFS) was analyzed using Kaplan-Meier survival curve estimates and the logrank test to compare differences in the distribution of survival in the 3 groups. A P value ＜0.05 was considered statistically significant. All statistical computations were performed using SPSS software version 18.0 (SPSS Inc., Chicago, IL).
RESULTS
Patient characteristics
Eighteen ITP patients were enrolled and treated with eltrombopag from September 2009 to July 2014. According to the current definitions of ITP [13, 14] , 7 patients were in the persistent phase and 11 were in the chronic phase ( Table 1 ). The median age was 55 years (range, 30-71 years), and approximately two-thirds of patients were women. The median platelet count at baseline was 14,000 cells/L (range, 1,000-28,000 cells/L). The median number of prior ITP treatments was 3 (range, 2-9), including 4 patients who had undergone a splenectomy. The median ITP duration before eltrombopag treatment was 28 months (range, 3.0-174.2 months). At baseline, all patients received concomitant ITP medications. Low-dose corticosteroids were the most common concomitant ITP medication (88.9%). Other therapies included cyclosporine, oxymetholone, and danazol. The median duration of eltrombopag treatment was 5.6 months (range, 1.2-42.3 months), and the median follow-up time was 40.5 months (range, 1.2-59.4 months).
Efficacy of eltrombopag
Sixteen patients (88.9%) started eltrombopag at a dose of 25 mg/d, and 2 patients (11.1%) started at 25 mg every other day (EOD) because of previously detected hepatic problems ( Table 2 ). The dose was increased every 1 or 2 weeks to achieve a target platelet count ≥50,000 cells/L. Among the 18 patients, 12 (66.7%) achieved CR (platelet counts ≥100,000 cells/L), 1 (5.6%) achieved a platelet between 50,000 and 100,000 cells/L, and 5 (27.8%) failed to achieve the target platelet count (＜50,000 cells/L). Among patients who had previously received ≥4 ITP treatments, 57.1% achieved the target platelet count. Among non-splenectomized patients, 85.7% (12/14) achieved the target platelet count; however, only 25.0% (1/4) of splenectomized patients achieved more than 50,000 platelets/L (P ＜0.05).
The most common initial dose required to achieve the target platelet count was 25 mg/d (61.5%); others were 25 mg EOD (7.7%), 50 mg/d (23.1%), and 75 mg/d (7.7%). Although the maximal dose recommended for East Asians is 50 mg/d, 1 patient required 75 mg/d to achieve the target platelet count. The patient was diagnosed with ITP 60.8 months previously and received 9 ITP treatments before starting eltrombopag.
The median time required to achieve the target platelet Fig. 1 . Summary of patient disposition in eltrombopag-treated patients (N=18). Among 5 patients who failed to achieve the target platelet count, 4 patients quit eltrombopag treatment and 1 increased the eltrombopag dosage. Among 13 patients who responded, 4 required the lowest dose of eltrombopag to maintain the target platelet counts and 9 quit eltrombopag treatment. Two of these 9 patients maintained CR, and 7 experienced a relapse. Two eltrombopag-resistant patients and 1 relapse patient were treated with romiplostim. Abbreviation: CR, complete response. Of the 18 enrolled patients, 4 patients (22.2%) remained at the lowest eltrombopag dose required to maintain the target platelet count (Fig. 1) . Among the 9 patients who stopped eltrombopag after a response, 2 (22.2%) maintained a CR without ITP treatment (CR duration was 35.9 and 1.2 months, respectively), and 7 (77.8%) relapsed after the response. Among the 5 patients who failed to achieve the target platelet count, 4 patients stopped eltrombopag and 1 patient was in plan to use a higher dose.
Eltrombopag safety
Seven patients (38.9%) showed HBLA, including 2 grade 3 cases, after eltrombopag treatment. However, HBLA resolved after reduction or short-term discontinuation of eltrombopag, and there was no reappearance after treatment was restored. Six patients who were treated with eltrombopag for more than 1 year and 3 patients who stopped eltrombopag within 1 year underwent follow-up BM assessment. One patient treated with eltrombopag for 1 year revealed grade 1 BM fibrosis (BM cellularity, 40%-50%; blasts, ＜5%; cytogenetics, 46,XY); however, there was no significant hematologic abnormality or lactate dehydrogenase elevation in the peripheral blood and no definitive abnormal immature cell clusters in the BM specimen. The BM examination of this patient after 2 years of eltrombopag treatment revealed no significant change. There were no severe bleeding episodes during eltrombopag treatment (Table 3 ).
Efficacy and safety of switching to romiplostim
Two relapsed and 1 failed patient received romiplostim as a salvage treatment (Table 4) . Two patients who relapsed after an eltrombopag-induced CR also showed a CR with romiplostim treatment. One relapsed shortly after the discontinuation of romiplostim and the other maintained the CR (7.5 months). In contrast, 1 eltrombopag-resistant patient also showed a poor response with romiplostim. No grade 2 or higher adverse events were observed during romiplostim treatment.
DISCUSSION
In this study, eltrombopag showed an excellent treatment outcome in heavily pretreated, refractory adult ITP patients. However, compared with the recently published Eltrombopag Extended Dosing Study (EXTEND), which evaluated eltrombopag for 3 years [3] , the number of patients that achieved target platelet counts at any time during treatment in our study was slightly lower (85.0% vs. 72.2%). Furthermore, most large, randomized trials for TPO-receptor agonists, including eltrombopag, showed similar platelet responses regardless of splenectomy status [2, 3, [17] [18] [19] . However, although the number of splenectomized patients was small (N=4) in this study, a higher proportion of non-splenectomized patients achieved the target platelet count compared with splenectomized patients.
Based on estimates from a population-based pharmacokinetics model, systemic exposure to eltrombopag is increased in people of East Asian descent [4, 5] . Therefore, a lower starting dose (25 mg/d) and a maximal dose (50 mg/d) are generally recommended. One randomized Japanese trial also suggested that a lower starting dose (12.5 mg/d) may be efficacious in some Japanese patients [6] . In our study, 1 patient achieved the target platelet count, but the most common initial dose required to achieve the target platelet count was 25 mg/d (N=8, 61.5%). Moreover, some patients needed a higher dose (up to 75 mg/d) to achieve the target platelet count.
In our study, the median time to achieve the target platelet count was 16 days (6-151 days). Ten patients reached the target platelet count within 1 month; however, 3 patients required more than 1 month of treatment (48, 95, or 151 days). One required a dose elevation to 75 mg/d. Therefore, the maximum dose and duration of treatment should be personalized. There was no significant difference in the rate of achieving the target platelet count; however, our study showed that the median ITP duration before eltrombopag treatment was significantly shorter in patients who achieved the target platelet counts compared with failed patients (25.1 vs. 97.9 months, P ＜0.05).
After terminating TPO receptor agonist treatment, including eltrombopag, platelet counts usually return to baseline levels within 2 weeks. In one eltrombopag discontinuation trial, almost one-third of the patients who discontinued eltrombopag treatment maintained adequate platelet counts for at least 6 months [20] . In our study, 12 patients achieving CR transiently stopped eltrombopag treatment. However, 83.3% of the patients relapsed after eltrombopag discontinuation. The median RFS was 15 days, and 5 patients relapsed within 1 week. Although there were no grade 2 bleeding episodes, 4 of the 10 relapsed patients experienced severe rebound thrombocytopenia (＜10,000 cells/L). Thus, it is necessary to increase the platelet monitoring frequency to once or twice weekly after terminating eltrombopag treatment.
The sensitivity of patients to TPO receptor agonists may increase or decrease over time, and excess platelet elevation should be avoided. Therefore, the dose should be adjusted based on the patient's platelet count. A recently published case report suggests that 25 mg 2-3 times per week may be useful to maintain long-term CR [21] . We also tried to identify the lowest eltrombopag dose required to maintain the target platelet count. In our patients, 53.8% (N=7) re-Yeo-Kyeoung Kim, et al. quired 25 mg/d or more to maintain the target platelet count; however, in 4 (30.8%) and 2 (15.4%) patients, 25 mg 2 times per week or 25 mg EOD, respectively, was enough to maintain the target platelet count.
The most common adverse event was HBLA. There were 2 grade 3 alanine aminotransferase (ALT) elevations that caused transient discontinuation of eltrombopag. However, in these patients, the elevated ALT returned to normal levels after treatment discontinuation, and there was no relapse after readministration. One patient underwent a total hip replacement due to avascular necrosis of the femoral head, which was diagnosed before eltrombopag treatment. The second patient experienced epigastric pain; however, there were no causal findings on endoscopic and abdominal computed tomographic examinations. In our study, no BM fibrosis was observed before eltrombopag treatment, but 1 patient showed grade 1 fibrosis after 1 year of eltrombopag treatment. However, there were no definitive abnormal immature cell clusters, and the peripheral blood smear revealed no significant abnormalities. A follow-up BM examination after 2 years of eltrombopag treatment showed a similar result.
Several reports have suggested that there is no cross-resistance between the TPO receptor agonists eltrombopag and romiplostim [9] [10] [11] [12] [22] [23] [24] [25] . The reason for this phenomenon is currently unknown, but it may be a result of different binding sites of the 2 TPO receptor agonists. Romiplostim competes with endogenous TPO for the extracellular binding site, whereas eltrombopag binds to the transmembrane domain [12, 26] . Thus, if the first TPO receptor agonist has no effect, switching to the other may be useful. In our study, 2 patients that relapsed after CR and 1 resistant patient switched to romiplostim. The 2 relapsed patients also showed a CR after romiplostim treatment. However, although we could not try the highest recommended dose (10 g/kg/wk) of romiplostim, the eltrombopag-resistant patient also failed to achieve the target platelet count with romiplostim. To confirm these findings in our patients, a larger trial may be required.
In conclusion, eltrombopag is generally well tolerated and effectively achieves target platelet counts in refractory adult ITP patients. Low doses of eltrombopag were effective in maintaining safe platelet counts in most patients. However, some patients needed a longer time and higher dose to achieve and maintain the target platelet count, especially in heavily pretreated patients with a longer ITP duration before treatment.
